The findings of Montgomery et al. [23] suggest that significantly greater improvements in muscle endurance are related to the I allele.
Moreover, Williams et al. [32] demonstrated an association between the I allele and efficiency of muscle contraction. The I allele also seems to be related to an increased proportion of type I (slow) fibres in the vastus lateralis muscle in untrained subjects [33] and muscle hypertrophic effects of increased angiotensin II [14] . Some studies have linked ACE genotype with cardiac diseases. Fairly well established is the association between ACE I/D polymorphism and left ventricular growth in response to exercise [28] .
The physiological characteristics of elite cross-country skiers are a result of both genetics and adaptation to rigorous multiyear, yearround training programmes [9] . The aerobic capacity and upper body anaerobic power seem to be the most important physiological factors of success in winter endurance sports [20] . The previous studies have demonstrated associations of VO 2 max and mechanical efficiency with ACE genotype in a non-athletic females [11] . It seems to be upmost of importance to determine effects of ACE genotype on aerobic capacity in competitive athletes. Thus, the aim of the study was to examine the possible relationship between ACE gene variation and selected indices of aerobic capacity among male and female athletes practising winter endurance sports.
MATERIALS AND METHODS
Participants. Sixty-six well-trained athletes (female n=26, male n=40), who represented winter endurance sports (cross-country skiing, n=48; biathlon, n=8; Nordic combined, n=10) volunteered for the study. The subjects were medically examined and healthy.
The athletes were Caucasian. They represented the highest national level of ability; most of them were medallists of national championships in their age category. Their characteristics are presented in Table 1 . The programme of the study was approved by the Ethical Research Committee at the Institute of Sport in Warsaw and written informed consent obtained from individuals.
ACE gene variation determination
Venous blood was taken from the volunteers and collected in EDTA tubes and stored at -20°C. DNA from blood samples was extracted using a Blood Mini kit (A&A Biotechnology, Poland) according to the manufacturer's instructions.
The genotyping was performed using two different methods for verification of results. The ACE I/D polymorphism was first determined using a primer pair described by McCauley [21] . Secondly, the results were verified using a primer pair described by Lindpaintner [17] .
The PCR reaction conditions are shown in Table 2 . The PCR product was analysed by electrophoresis at 80 V for 60 min using 1.5% agarose gel stained with SYBR® Safe DNA gel stain at 10,000X concentration in DMSO (Invitrogen, USA).
Anthropometric and physical performance measurement
Anthropometric measurements comprising assessment of body height, body mass and skinfold thickness at four sites (biceps, triceps, subscapular and suprailiac) were performed by an experienced anthropometrist. The percentage of body fat was calculated from these measurements using the equation of Durnin and Womersley [8] .
Fat free mass was calculated from the difference between the total body mass (kg) and body fat mass (kg).
The absolute and relative VO 2 max, running velocity at anaerobic threshold (V AT4 ), and duration of exercise (T) were considered as indices of aerobic capacity. These indices were commonly used in sports diagnostics and training optimising [2, 4, 22] The measurement was conducted during a preparatory period, at ambient temperature of 19-22ºC, in the forenoon, 1-3 hours after a After five stages the speed was not increased, but inclination of the treadmill was increased by 1.5% every 1 min. Exercise test duration ranged from 12 to 15 minutes. V AT4 was determined by interpolation of the values at 4 mmol · L -1 blood lactate concentration [19] .
Oxygen uptake was measured using an open circuit breath-bybreath automated gas analysis system (Cortex, Metalyzer, 3B-R2, Germany). The highest value of oxygen uptake registered within 60 s during the test was regarded as the VO 2 max. Blood samples were 
RESULTS
No differences were found in the ACE genotype frequencies between female and male athletes (Table 3) . Also, the allele frequency was statistically similar. (Table 5 ).
The mean V max , V AT4 , as well as absolute and relative VO 2 max were significantly higher in male than in female subjects. Only VO 2 max related to FFM and did not differ in relation to gender. No interaction effect of gender x ACE genotype was found for each of the examined aerobic capacity indices.
DISCUSSION
Taking into account the relationship between ACE genotype and effects of its expression, the II variation of the ACE gene could be desirable in endurance athletes, including cross-country skiers, biathletes, etc. It was expected that well-trained athletes practising winter endurance disciplines, with the II genotype of the ACE gene, would be Many previous studies have suggested that the I allele favours endurance performance [1, 24] , so it was expected that in this study this relationship would be confirmed. In this study, the frequency of ACE genotypes and alleles was similar to that observed in the Polish male athletes [6] . These results are also in accordance with the results from other studies, where no association was found between ACE gene variation and endurance performance in skiers [24, 27, 30] . There could be several reasons why the mentioned studies failed to find a relationship between allele I and physical performance.
TABLE 3. FREQUENCY OF ACE INSERTION (I) AND DELETION (D) ALLELES AND GENOTYPES IN EXAMINED FEMALE AND MALE ATHLETES
One of them was the mixed cohort of athletes from various sports with a small contribution of endurance athletes. Another reason could be the inclusion of elite and non-elite athletes in the analysis. Moreover, the differences in determining the character of exercise and in categorising athletes could also have introduced errors into the analysis. The results presented so far may be controversial due to the sample sizes, study designs, and phenotype measurements.
The effect of sample size has been observed in the studies dealing with the associations between the ACE ID polymorphism and various cardiovascular disorders [29] . The studies based on large numbers of subjects have generally failed to confirm the positive findings arising from smaller cohorts. Another reason for the lack of a relationship between ACE polymorphism and VO 2 max indices could be the multifactorial influence of many genetic and environmental factors on VO 2 max. The results of this study, as well as the findings of a number of current papers, demonstrated a rather minor role of ACE gene polymorphism in endurance performance. Also, this study has some limitations which should be taken into consideration. Firstly, there is an unknown range of maturity within the study group, which could mask gene-related effects on aerobic performance. Nevertheless, the results of selected studies suggest that there is a small decrease in VO 2 max related to body mass during early adolescence, but remaining steady during later adolescence [25] . Much more significant changes during puberty were noted in absolute VO 2 max, anaerobic power and capacity or strength [25] .
Although clear gender differences in relative VO 2 max and V AT4
were found, no interaction effect of gender x ACE genotype was found for the examined indices of aerobic capacity. 
CONCLUSIONS

